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| ntroduction

Hundreds of stellar angular diameters
now available

— Luminosity class |, II, 111

— Miravariables

— Carbon, S-type stars

— PTI producing ~100 a year
Allows for direct measurement of
linear radii with Hipparcos distances
Allows for near-direct measurement
of effective temperatures

— Need to account for limb darkening

— Small effect at K for most stars
Can investigate relationships

between these measurements and a
variety of parameterizations

Abstract

Recent advances in throughput, reliability and
accuracy of results have greatly increased the
scientific output of astronomical interferometers.
Near-infrared results from the Palomar Testbed
Interferometer (PTI) and the [R-Optica
Telescope Array (IOTA) have been collected
and are now presented as an unprecedented large
database of stellar angular sizes for giants,
supergiants, Mira variables and carbon stars. In
conjunction with measurements of bolometric
flux from available photometry, and the recent
release of the Hipparcos results (Perryman
1997), temperatures as well as linear sizes are
available for over 150 giant stars. Building
upon the previous work found in Dyck et al.
(1996, 1997, 1998) and van Belle et al. (1996,
1997, 1998), empirical dependenciesof T and R
upon spectral type and V-K, K-[12] colors are
established from the data and presented. Unique
capabilities of the PTI instrument utilized in this
investigation of interest to the AGB community
will also be discussed.




The Data

e Angular sizesfrom PTI, IOTA, lunar occultation data
— 265 Luminosity class|, II, and |11 stars

e 83 starsfrom PTI (van Belleet al. 1998), 82 stars from |OTA (Dyck et
al. 1996, 1998), 36 stars from lunar occultations (Ridgway et al. 1980),
14 stars from intensity interferometry (Hanbury Brown 1974)

» ~50 additional stars from pending PTI data
— 53 Miravariables, S-type, carbon stars

» 18 oxygen-rich Miras (van Belle et al. 1996), 5 carbon, 4 S-type

Miras, 4 non-Mira S stars (van Belleet al. 1997) , 22 carbon stars
(Dyck et al. 1997)

o Photometry from IRAS PSC (1986), Gezari et al. (1996), other
SOuUrces
— V-K and K-[12] colors
— V band magnitudes for variables from AFOEV, AAV SO



Basic Parameters

o Effective temperatureisdefined as. L =4ps RZTEFF4 g
. . , 78 o7 O
which can be rewritten as: Tep- =1.316 1O7§ TOT +
dr o
— F;or isthe bolometric flux (W cm), gy is the Rosseland mean stellar
angular diameter (mas)
 Linear radiusissmply: R=y%q " d
— Hipparcos (1997) distances now available

— Uncertaintiesin parallax (typically ~15-20%) still largest contribution to
error

— Range of sizes: 5-1000 Rg
 V,K=0angular sizeisgiven as: O =0 =0m - 10™ /5
— Scales sizes to a constant brightness distance




Effective Temperature vs. V-K Color

Blue: Blackbody
behavior

| ndications of
Increased absorption
bandsat V at low T
(Barbuy et al. 1992,
Jargensen 1994)

Clear separation of the
abundance subtypes
Into regions on the plot
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Effective Temperature vs. K- [12] Color

K-[12] reasonable
indicator of dusty
mass |0ss

Blue: Blackbody
behavior

Substantial departure
from BBR curve at K-
[12] ~ 0.80 by Miras,
carbon stars

| ndication of onset of

mMass | 0ss (Le Sidander
& Le Bertre 1996,

Beichman et al. 1990) for
the more evolved
stars
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Radiusvs. V-K Color

» Separation of luminosity
class|,|l versuslll stars

—Resolves some of the
degeneracy of the radius/V -
K relationship
«Giant stars fairly well

behaved

*\Well-defined lower edge
curve

—Change in power law at V-
K =4: R~(V-K)*® R~(V-
K)?
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Radius vs. K-[12] Color

» Separation of luminosity
classl,Il versuslll stars
—Aswith V-K, clear
tendency for
supergiants/bright giants to
be larger at a given color
e Dataset is consistent
with progression of stars
fromoxygenrich® S
type ® carbon, with
stars growing in size as
they redden
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Luminosity vs. T with Model Tracks

* Model Tracks: : : : :

—All tracksare Z=0.02 |~ 1 L 600
(SO| ar) : : : :

—Tracksfrom 1.0 - 12 T
solar masses 5 Leh
(Schaller et al. 1992, oo S
Charbonnel et al. 1996) fago_ | © SMis

® C Miras

» Good general agreement % s SSs
H = 12 Msun
with the tracks e

—Underrepresentation of R

lower mass stars? —— 10Msun
» Poor sampling of hotter 200
stars
—Selection effect
1.00
3.20




Luminosity vs. T by Radius

*Plot points scaled by
radius

e Gradual gradient in
radius from hot+dim to

- 6.00

- 5.00

cool+bright
» Good comparison in © Giarts
measured values versus Lo |0 oam
expected lines of % ® Caten s
constant radius (Iben "0 SMiras
L 300 O C Miras

1991)
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Apparent Angular Sizevs. V-K

e Luminosity class|ll best fit

line:
_, =100 63240226 (V) e

dk v

(Angular size measured at K, scaled to
apparent brightness of V=0)

— Avqg. deviation of values
from fit of 9.6%

— ?=53
e Good agreement with LC I, |1

— Avg. deviation of values
from fit of 9.7% TR S N N N R

* Noticable displacement of [
carbon StarS, Miras from o Giants 5 LCLII 4 CabonStars o M Miras
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Example Program: Halo Giants

, Bolometric Effective , ,
Star [Fe/H] Angular Size Flux (10'8 eg  Temperature Hipparcos Radius
qup (mas) em2 s (K) parallax (mas) (Rsun)

HDC122563 -2.71 0.921 +- 0.290 181+ 45 5,031 +- 851 3.8+- 0.7 26.1 + 9.5
HDC165195 -2.2 0.913 +- 0.223 10.9+- 4.2 4,449 +- 691 22+-10 44.6 +- 23.0
HDC232078 -1.5 0.741 +- 0.104 7.9+-35 4,564 +- 598 16+ 1.1 49.8 +- 34.9

« Canuseinterferometry for investigation of stars of specific interest
— Studies of metal-deficient stars could benefit from Tz measures

o Challengesfor this particular investigation

— Small apparent size of stars make measurements susceptible to calibration
errors

— Poorly established Fg, - room for improvement?
— Largeerrorsin parallax - better estimators of distance available?
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